INTRODUCTION {#sec1-1}
============

Piper species have been used in traditional medicinal systems for thousands of years, including Chinese and Indian systems, as well as in folklore medicines of Latin America and West Indies.\[[@ref1]\] For nearly five decades, investigations into natural products chemistry of genus *Piper* have led to identification of structurally and pharmacologically important scaffolds that have spurred novel synthetic methodology and inspired many chemists and biochemists to speculate on plausible biogenetic relationships among these diverse skeletal.\[[@ref2]\] Efforts on phytochemical investigations of medicinal plants from genus *Piper* in *Piperaceae* family from our laboratory has resulted in identification and isolation of the series of structurally intriguing compounds with potential biological activities.\[[@ref3]\] *Piper attenuatum*, also known as oval leaved pepper\[[@ref4]\] is advocated in traditional medicines as rubefacient, effective for headache and muscular pains. Roots macerated in water are used as diuretic.\[[@ref5]\] However, chemical compositions and relevant biological activities in this medicinal plant have not yet been explored.

In this communication, we reported isolation of compounds in *P. attenuatum* fruit and evaluated their free radical scavenging and the antihyperglycemic activity. Based on free radicals scavenging potentials and structural characteristics, structure-activity relationship of compounds is discussed.

MATERIALS AND METHODS {#sec1-2}
=====================

General procedures {#sec2-1}
------------------

The solvents used were all of AR grade and were distilled under positive pressure of dry nitrogen atmosphere where necessary. Thin-layer chromatography (TLC) performed on Merck silica gel 60 F~254~ plates. Visualization was performed using with 5% H~2~SO~4~ solution followed by heating. Column chromatography was performed on silica gel (60--120 mesh). Melting points were recorded on Fisher Johns apparatus and were uncorrected. FABMS was recorded on VG Auto Spec-M instrument, USA. IR spectra were recorded on Nicolet spectrometer. ^1^H NMR and ^13^C NMR spectra obtained on Varian 200, 400 MHz and Bruker 300 MHz spectrometers using tetramethylsilane as an internal standard. HMBC, HSQC and NOSEY experiments were done on Oxford 500 MHz spectrometer.

Plant material {#sec2-2}
--------------

The fruits of *P. attenuatum* were collected from Tirumala, Chitoor Dist. (Andhra Pradesh, India) in the month of November 2011 and identification was made by Prof. K. Madhava Chetty, Department of Botany, Sri Venkateswara University, Tirupati. A voucher specimen of the plant is deposited in the herbarium, Department of Botany with an accession number 526.

Extraction and isolation {#sec2-3}
------------------------

The dried plant material (5 kg) was powdered and extracted with chloroform by cold maceration for 2 days. The resulting chloroform extract was evaporated to dryness under reduced pressure, affording syrupy residue (12 g). Then this chloroform extract was subjected to column chromatography on a silica gel column (60--120 mesh, 150 cm × 15 cm) and eluted with a stepwise gradient of hexane-EtOAc (99:1, 98:2, 92:8, 90:10, 88:12 by volume) to afford a total of 102 fractions of 50 ml each. Column fractions were analyzed by TLC (silica gel 60 F254, hexane/EtOAc, 85:15), and fractions with similar TLC patterns were combined to give eight major fractions (F~1~--F~8~). Fraction F~2~ was further purified using ether/hexane (15:85) to give 1 (32 mg). Fraction F~3~ (32 g) was chromatographed on silica gel (100-200 mesh) using EtOAc/hexane (2:98) to give 2 (22 mg) and 3 (18 mg). Fraction F~4~ (36 g) was purified by CC on silica gel (100--200 mesh) using acetone/hexane (5:95%) to give 4 (21 mg). Fraction F5 was purified by CC two give subfractions A and B. Sub fraction A was further purified on silica gel (230--400 mesh) using CHCl~3~/ether (95:5) to give 5 (33 mg). Sub fraction B was purified by HPLC using Atlantis DC-18 column (150 mm × 4.6 mm \[5 μ\]) and H~2~O/CH~3~OH (30:70) as eluents to give 6 (10 mg) and 7 (12 mg). Fraction F~6~ was purified by CC on silica gel G (230--400 mesh) using ether/CHCl~3~ to give pure 8 (8 mg) and 9 (16 mg). Fraction F7 was dissolved in EtOAc/hexane (1:1), which resulted in the formation of crystals that were then filtered and washed with hexane to give 10 (4.2 g).

Determination of free radicals scavenging antioxidant potentials {#sec2-4}
----------------------------------------------------------------

### 2, 2'-Azinobis (3-ethyl benzthiazoline-6-sulphonic acid) radical scavenging assay {#sec3-1}

Scavenging of 2, 2'-Azinobisn (3-ethyl benzthiazoline-6-sulphonic acid) cation was performed as described by Walker and Everett\[[@ref6]\] with suitable modifications. Briefly, 100 mL stock solution of ABTS^+^ (0.5 mM) was prepared by addition of 1 mL potassium persulfate \[6.89 mM in PBS (pH 8.0)\]. Mixture was stored in the dark for 16 h. 10 μL of test sample (5 mg/mL in dimethyl sulfoxide \[DMSO\]) was added to 190 μL of ABTS^+^ in 96-well microplate. Absorbance was recorded at 734 nm on BioTek^synergy4^ multi-mode microplate reader. Trolox was taken as a standard. For the estimation of ABTS^+^ scavenging concentration 50% (SC~50~) various dilutions of the test samples were prepared and end-point absorbance (734 nm) was measured after 15 min incubation in the dark. Percentage scavenging of ABTS^+^ by test samples was calculated as follows (\[Absorbance control − absorbance test\]/absorbance control) × 100. Suitable regression analysis was applied for calculation of SC~50~.

### 2, 2-Diphenyl-1-picrylhydrazyl radical scavenging {#sec3-2}

Assay for scavenging of free radical 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) was done as reported earlier.\[[@ref7]\] Briefly, in a 96-well microplate, 20 μL of test sample (5 mg/mL in DMSO), 100 μL of 0.1M tris-HCl buffer (pH 7.4) and 100 μL DPPH solution (0.5 mM in methanol) were added. The reaction mixture was shaken well. DPPH decolorization was recorded (517 nm) on BioTek^synergy4^ multi-mode microplate reader. Percentage scavenging of DPPH by test samples was calculated as described above.

Animal experiment {#sec2-5}
-----------------

Male Wistar rats weighing between 180-210 g were procured from the National Institute of Nutrition ((CPCSEA Reg.No. 154, Government of India), Hyderabad and housed in IICT animal house (temperature 22°C ± 1°C and relative humidity 50% ±15% with an alternating 12 h light and dark cycle). Food and water were provided *ad libitum*. Experimental protocols were approved by Institutional Animal Ethical Committee.

Oral glucose tolerance test {#sec2-6}
---------------------------

Influence of chloroform extract on time-dependent plasma glucose levels following single dose oral glucose feeding was evaluated adopting the method reported earlier.\[[@ref7]\] In brief, rats were kept overnight fasting. Next day morning blood was collected from retro-orbital plexus in ethylenediaminetetraacetic acid containing tubes and plasma glucose levels for basal '0' h values were measured by glucose-oxidase method using Auto blood analyzer instrument (Bayer Express Plus, USA). Rats were divided into three groups viz. Control, Test and Standard group (six rats in each group). Test group received crude chloroform extract of *P. attenuatum* fruits suspended in acacia and distilled water orally (250 mg/kg body weight). The control group received only distilled water. The standard group received standard drug glibenclamide orally (5 mg/kg body weight). After 30 min, all the animals were administered glucose dissolved in distilled water (2 g/kg body weight). Blood was collected at the intervals of 30, 60, 90 and 120^th^ min postglucose feeding. Plasma glucose levels were measured as described above.

Statistical analysis {#sec2-7}
--------------------

Statistical analysis was carried out using Graph Pad Prism 5 software (San Diego, California, USA). Data were compared applying one-way ANOVA followed by Dunnett\'s multiple comparison tests. Values were considered as statistically significant at *P* \< 0.05.

RESULTS AND DISCUSSION {#sec1-3}
======================

Nine neolignans (1-9) and crotepoxide (10) were isolated from crude chloroform extract of *P. attenuatum*. After comparing their physicochemical and spectrometric data with those reported in the literature, they were identified as known compounds and confirmed as denudatin B(1) iso-4', 5'-dimethoxy-3, 4-methylenedioxy-2'-oxo-Δ^3',5',8'^-8.1'-lignan (2),\[[@ref8][@ref9]\] lancifolin D (3),\[[@ref10]\] denudatin A (4),\[[@ref11]\] wallichinine (5),\[[@ref12]\] piperenone (6),\[[@ref13]\] lancifolin C (7),\[[@ref12]\] 2-oxo-piperol B (8),\[[@ref14]\] piper kadsin A (9),\[[@ref15]\] and crotepoxide (10).\[[@ref16]\] Structure of these compounds is shown in \[[Figure 1](#F1){ref-type="fig"}\].

![Compounds isolated from fruits of *Piper attenuatum*](PM-11-235-g001){#F1}

Spectral data {#sec2-8}
-------------

### Denudatin B (1) {#sec3-3}

Oil (32 mg); C~21~H~24~O~5~ ESI-MS m/z 357.2 (M^+^ + H) \[α\]~D~^24^ + 8.0 (c 0.40, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 1671, 1643, 1624, 1517, 1459, 1370, 1269, 1239, 1186, 1139, 1067, 1029; ^1^H NMR (300 MHz, CDCl~3~): δ 1.12 (3H, d, J 7.5 Hz, H-9), 2.69 (1H, q, J 7.5, 7.3 Hz, H-8), 3.04 (3H, s, OMe-3\'), 3.15 (2H, d, J 6.6 Hz, H-7\'), 3.89 and 3.90 (3H each, s, OMe-3 and OMe-4), 5.09 (1H, s, H~a~-9\'), 5.13 (1H, d, J 4.3 Hz, H~b~-9\'), 5.24 (1H, s, H-7), 5.84--5.87 (1H, m, H-8\'), 5.88 (1H, s, H- 5\'), 6.21 (1H, s, H-2\'), 6.82--6.91 (2H, m, H-2 and H-5) and 7.01 (1H, d, J 2.0 Hz, H-6). ^13^C NMR (75 MHz, CDCl~3~): δ 16.2 (C-9), 33.3 (C-7\'), 46.8 (C-8), 50.4 (OMe-3\'), 55.74 (OMe-3 and OMe-4), 81.1 (C-3\'), 94.6 (C-7), 104.6 (C-5\'), 108.9 (C-2), 110.6 (C-5), 117.2 (C-6), 118.1 (C-9\'), 131.8 (C-1), 132.6 (C-2\'), 135.1 (C-8\'), 142.7 (C-1\'), 148.6 and 148.8 (C-4 and C-3) 173.0 (C-4\') and 187.0 (C-6\').

### Iso-4\', 5\'-dimethoxy-3, 4-methylenedioxy-2\'-oxo-Δ^3\'\ 5\'^, ^8\'^-8.1\'-lignan (iso-6- \[2-(1, 3 benzodioxol-5-yl)-1-methylethyl\]-3,4-dimethoxy-6-(2-propenyl)-2,4-cyclohexadien-1-one) (2) {#sec3-4}

Pale yellow oil (22 mg); C~21~H~24~O~5~ ESI-MS m/z 357.2 (M^+^ + H); \[α\]~D~^24^ + 0.8 (c 0.12, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 1736, 1662, 1632, 1608, 1580, 1490, 1449, 1405, 1243, 1230, 1171 and 1037; ^1^H NMR (300 MHz, CDCl~3~): δ 0.88 (3H, d, J 6.9 Hz, H-9), 2.00 (1H, dd, J 6.0, 5.3 Hz, H~a~-7), 2.25--2.41 (2H, m, H-8 and H~a~-7\'), 2.49--2.62 (2H, m, H~b~-7 and H~b~-7\'), 3.76 (3H, s, OMe-4\'), 3.82 (3H, s, OMe-3\'), 4.90--5.05 (2H, m, H-9\'), 5.24 (1H, s, H-5\'), 5.57 (1H, s, H-2\'), 5.45--5.55 (1H, m, H-8\'), 5.90 (2H, s, OCH~2~O), 6.53 (1H, dd, J 6.0, 1.5 Hz, H-6), 6.60 (1H, d, J 1.5 Hz, H-2) and 6.70 (1H, d, J 8.3 Hz, H-5); ^13^C NMR (75 MHz, CDCl~3~): δ 12.7 (C-9), 38.3 (C-7), 43.6 (C-7\'), 44.7 (C-8), 55.4 (OMe-4\'), 56.5 (OMe-5\'), 56.6 (C-1\'), 100.7 (OCH~2~O), 103.1 (C-5\'), 107.8 (C-2\'), 109.0(C-2), 109.5 (C-5), 117.8 (C-9\'), 121.9 (C-6), 132.9 (C-8\'), 134.5 (C-1), 145.5 (C-3\'), 147.4 (C-3), 147.8 (C-4), 166.2 (C-4\') and 203.5 (C-6\').

### Lancifolin D (3) {#sec3-5}

Oil (18 mg); C~22~H~28~O~5~ ESI-MS m/z: 373.2 (M^+^ + H), 395.2 (M^+^ + Na); \[α\]~D~^24^ − 12.5 (c 0.08, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 1725, 1662, 1632, 1608, 1514, 1459, 1261, 1225, 1157, 1079, 1029. ^1^H NMR (300 MHz, CDCl~3~): δ 0.99 (3H, d, J 6.7 Hz, H-9), 1.91 (1H, d, J 13 Hz, H~a~-7), 2.07 (1H, dd, J 13, 5 Hz, H~b~-7), 2.37--2.48 (1H, m, H-8), 3.12 (3H, s, 3\'-OMe), 3.16 (2H, d, J 6.6 H-7\'), 3.72 (3H, s, OMe-4\'), 3.84 (6H, s, OMe-3 and OMe-4), 5.12--5.19 (2H, m, H-9\'), 5.70 (1H, s, H-5\'), 5.8--6.0 (1H, m, H-8\'), 6.34 (1H, s, H-2\'), 6.54-6.61 (2H, m, H-2 and H-5) and 6.74 (1H, d, J 7.7 Hz, H-6). ^13^C NMR (75 MHz, CDCl~3~): δ 13.9 (C-9), 33.0 (C-7\'), 37.2 (C-7), 42.5 (C-8), 52.4 (OMe-3\'), 55.7(OMe-4\'), 55.9 (OMe-3 and OMe-4), 79.7 (C-3\'), 105.8 (C-5\'), 110.9 (C-2), 111.9 (C-5), 117.1 (C-9\'), 120.9 (C-6), 132.7 (C-1), 135.1 (C-8\'), 139.1 (C-2\'), 141.1 (C-1\'), 147.2 (C-4), 148.6 (C-3), 173.0 (C-4\') and 186.3 (C-6\').

### Denudatin A (4) {#sec3-6}

Oil (21 mg); C~20~H~20~O~5~, ESI-MS m/z: 341 (M^+^ + H), 363 (M^+^ + Na); \[α\]~D~^24^ + 11.6 (c 0.12, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 1668, 1622, 1492, 1448, 1250, 1216, 1176, 1041; ^1^H NMR (300 MHz, CDCl~3~): δ 1.12 (3H, d, J 7.0 Hz, H-9), 2.11--2.16 (1H, m, H-8), 3.12 (3H, s, OMe-3\'), 3.14--3.24 (2H, m, H-7\'), 5.07--5.18 (2H, m, H-9\'), 5.30 (1H, d, J 9.4 Hz, H-7), 5.81 (1H, s, H-5\'), 5.84--5.93 (1H, m, H-8\'), 5.98 (2H, s, OCH~2~O), 6.25 (1H, br s, H-2\') and 6.74--6.83 (3H, m, H-2, H-5, H-6). ^13^C NMR (75 MHz, CDCl~3~): δ 6.7 (C-9), 33.5 (C-7\'), 50.7 (C-8), 51.1 (OMe-3\'), 77.7 (C-3\'), 91.3 (C-7), 101.3 (OCH~2~O),102.8 (C-5\'), 106.7 (C-2), 108.2 (C-5), 117.2 (C-9\'), 120.9 (C-6), 131.1 (C-2\'), 131.2 (C-1), 135.1 (C-8\'), 143.0 (C-1\'), 148.2 (C-4), 148.3 (C-3), 174.5 (C-4\') and 187.0 (C-6\').

### Wallichinine (5) {#sec3-7}

Oil (33 mg); C~22~H~28~O~5~, ESI-MS (m/z): 371 (M^+^ + H), 393 (M^+^ + Na); \[α\]~D~^24^ − 4.7 (c 0.40, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 1744, 1659, 1637, 1608, 1513, 1457, 1353, 1256, 1227, 1156, 1081, 1026; ^1^H NMR (300 MHz, CDCl~3~): δ 1.68 (3H, s, H-9), 3.10--3.18 (2H, m, H-7\'), 3.25 (3H, s, OMe-3\'), 3.80 (3H, s, OMe-4\'), 3.86 (3H, s, OMe-3), 3.88 (3H, s, OMe-4), 5.04--5.20 (2H, m, H-9\'), 5.82 (1H, s, H-5\'), 5.84--5.96 (1H, m, H-8\'), 6.16 (1H, s, H-2\'), 6.77--6.90 (3H, m, H-2, H-5 and H-6) and 6.96 (1H, s, H-7). ^13^C NMR (75 MHz, CDCl~3~): δ 14.1 (C-9), 32.7 (C-7\'), 52.0 (OMe-3\'), 55.36 (OMe-3), 55.38 (OMe-4), 55.7 (OMe-4\'), 105.2 (C-5\'), 110.2 (C-2), 112.0 (C-5), 116.6 (C-9\'), 121.1 (C-6), 126.6 (C-7), 129.8 (C-1), 132.0 (C-8), 134.5 (C-8\'), 139.1 (C-1\'), 140.7 (C-2\'), 147.3 (C-3), 147.9 (C-4), 171.8 (C-4\') and 186.6 (C-6\').

### Piperenone (6) {#sec3-8}

Oil (10 mg) C~22~H~28~O~6~, ESI-MS (m/z): 411 (M^+^ + Na); \[α\]~D~^24^−-30.0(c 0.04, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 1738, 1686, 1514, 1462, 1374, 1310, 1264, 1236, 1140, 1108, 1029; ^1^H NMR (300 MHz, CDCl~3~): δ 0.98 (3H, d, J 6.8 Hz H-9), 2.64 (1H, d, J 16.6 Hz, H~a~-7\'), 2.76--3.00 (1H, m, H-8), 3.12 (2H, d, J 6.8 Hz, H-5\'), 3.28 (1H, d, J 16.6 Hz, H~b~-7\'), 3.40 (3H, s, OMe-3\'), 3.55 (3H, s, OMe-4\'), 3.85 (3H, s, OMe-3), 3.87 (3H, s, OMe-4), 4.17 (1H, d, J 10.5 Hz, H-7), 5.00--5.30 (2H, m, H-9\'), 5.68--6.04 (1H, m, H-8\'), 6.44 (1H, s, H-6), 6.81 (1H, s, H-2) and 6.90 (1H, s, H-5). ^13^C NMR (75 MHz, CDCl~3~): δ 8.7 (C-9), 29.2 (C-7\'), 33.0 (C-8), 42.8 (C-5\'), 48.5 (OMe-3\'), 52.0 (OMe-4\'), 55.2 (OMe-3), 55.4 (OMe-4), 81.4 (C-3\'), 85.0 (C-7), 101.5 (C-4\'), 109.5 (C-2), 110.3 (C-5), 117.0 (C-9\'), 119.6 (C-6), 131.8 (C-1), 134.2 (C-8\'), 138.1(C-2\'), 142.8 (C-1\'), 148.8 (C-4), 148.6 (C-3) and 193.7 (C-6\').

### Lancifolin C (7) {#sec3-9}

Oil (12 mg). C~22~H~28~O~5~ ESI-MS m/z: 373.2 (M^+^ + H), 395.2 (M^+^ +Na); \[α\]D^24^ + 95.0 (c 0.04, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 1664, 1636, 1608, 1514, 1459, 1262, 1224, 1151; ^1^H NMR (300 MHz, CDCl~3~): δ 0.59 (3H, d, J 5.9 Hz, H-9), 2.05 (1H, d, J 12.9 Hz, H~a~-7), 2.25--2.36 (1H, m, H-8), 3.12--3.16 (2H, m, H-7\'), 3.17 (3H, s, OMe-3\'), 3.38 (1H, d, J 12.9 Hz, H~b~-7), 3.76 (3H, s, OMe-4\'), 3.84 (3H, s, OMe-3), 3.87 (3H, s, OMe-4), 5.09--5.19 (2H, m, H-9\'), 5.73 (1H, s, H-5\'), 5.84--5.95 (1H, m, H-8\'), 6.34 (1H, s, H-2\') and 6.66--6.84 (3H, m, H-2, H-5 and H-6). ^13^C NMR (75 MHz, CDCl~3~): δ 13.5 (C-9), 33.1 (C-7\'), 36.7 (C-7), 43.4 (C-8), 52.7 (OMe-3\'), 55.9 (OMe-4\'), 55.9 (OMe-3), 56.0 (OMe-4), 80.3 (C-3\'), 105.3 (C-5\'), 111.0 (C-2), 112.2 (C-5), 117.1 (C-9\'), 121.3 (C-6), 133.4 (C-1), 135.2 (C-8\'), 138.7 (C-2\'), 141.5 (C-1\'), 147.3 (C-4), 148.8 (C-3), 173.2 (C-4\') and 186.4 (C-6\').

### 2-oxo-piperol B (8) {#sec3-10}

Oil (8 mg); C~21~H~24~O~5~, ESI-MS (m/z): 357 (M^+^ + H); \[α\]D^24^−-4.0 (c 0.32, CHCl~3~);; IR (KBr) ν~max~ cm^−\ 1:^ 3305, 1761, 1695, 1603, 1516, 1459, 1261, 1163, 1145, 1026; ^1^H NMR (300 MHz, CDCl~3~): δ 0.99 (3H, d, J 6.8, H-9), 2.08 (1H, q, J 6.79, 13.5 Hz, H-8), 2.20--2.44 (1H, m, H-7), 2.46--2.64 (2H, m, H-7\'), 3.55 (1H, d, J 1 Hz, H-3\'), 3.73 (3H, s, OMe-3), 3.84 (3H, s, OMe-4), 3.86 (3H, s, OMe-5\'), 5.04--5.28 (1H, m, H-9\'), 5.78 (1H, s, H-6\'), 5.84--6.08 (1H, m, H-8\'), 6.52 (1H, d, J 1.5 Hz, H-2), 6.64 (1H, dd, J 2.2, 6.0 Hz, H-6) and 6.80 (1H, d, J 7.5 Hz, H-5). ^13^C NMR (75 MHz, CDCl~3~): δ 13.7 (C-9), 35.0 (C-7\'), 46.4 (C-8), 49.5 (C-7), 55.3 (OMe-3), 55.4 (OMe-4), 56.9 (OMe-5\'), 55.4 (C-1\'), 69.8 (C-3\'), 109.8 (C-2), 111.0 (C-5), 117.5 (C-6\'), 118.6 (C-9\'), 118.8 (C-6), 132.6 (C-8\'), 133.5 (C-1), 147.8 (C-3), 148.8 (C-4), 152.0 (C-5\'), 189.8 (C-4\') and 202.3 (C-2\').

### Piper kadsin A (9) {#sec3-11}

Oil (16 mg), C~21~H~24~O~5~, ESI-MS m/z: 357.2 (M^+^ +H), 379.2 (M^+^ +Na) \[α\]D^24^ − 12.5 (c 0.04, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 3395, 1659, 1632, 1607, 1513, 1457, 1356, 1269, 1223, 1159, 1081; ^1^H NMR (300 MHz, CDCl~3~): δ 1.65 (3H, s, H-9), 3.09--3.17 (2H, m, H-7\'), 3.25 (3H, s, OMe-3\'), 3.80 (3H, s, OMe-4\'), 3.88 (3H, s, OMe-3), 5.06--5.15 (2H, m, H-9\'), 5.61 (1H, br s, OH-4), 5.82 (1H, s, H-5\'), 5.85--6.00 (1H, m, H-8\'), 6.15 (1H, s, H-2\'), 6.77--6.91 (3H, m, H-2, H-5 and H-6) and 6.94 (1H, s, H-7). ^13^C NMR (75 MHz, CDCl~3~): δ 14.0 (C-9), 32.7 (C-7\'), 52.5 (OMe-3\'), 55.8 (OMe-3), 56.1 (OMe-4\'), 79.9 (C-3\'), 105.7 (C-5\'), 111.8 (C-2), 114.0 (C-5), 117.0 (C-9\'), 122.2 (C-6), 127.1 (C-7), 129.6 (C-1), 132.2 (C-8), 134.9 (C-8\'), 139.5 (C-1\'), 141.2 (C-2\'), 144.4 (C-4), 146.0 (C-3), 172.3 (C-4\') and 187.0 (C-6\').

### Crotepoxide (10) {#sec3-12}

White crystal (4.2 g), mp 146°C-148°C, \[α\]~D~^26^ + 190.4 (c 1.00, CHCl~3~); IR (KBr) ν~max~ cm^−\ 1:^ 1754, 1727, 1451, 1373, 1275, 1236, 1120, 1068, 1045, 903, 719; ^1^H NMR (300 MHz, CDCl~3~): δ 1.99 (3H, s, OAc-3), 2.12 (3H, s, OAc-4), 3.05 (1H, dd, J 1.5, 2.2 Hz, H-2), 3.38 (1H, dd, J 2.2, 3.7 Hz, H-1), 3.60 (1H, d, J 2.2 Hz, H-7), 4.16 (1H, d, J 12.1 Hz, H-6a), 4.54 (1H, d, J 12.1 Hz, H-6b), 4.94 (1H, dd, J 1.1, 7.5 Hz, H-3), 5.64 (1H, d, J 9.0 Hz, H-4), 7.47 (2H, t, J 7.5 Hz), 7.62 (1H, t, J 7.5 Hz) and 8.02 (2H, d, J 7.5 Hz). ^13^C NMR (75 MHz, CDCl~3~): δ 20.6 (C-Ac-CH3), 48.0 (C-1), 52.5 (C-2), 53.8 (C-7), 59.4 (C-5), 62.4 (C-6), 69.5 (C-4), 70.4 (C-3), 128.5, 129.2, 129.8, 133.4, 165.6, 169.5 and 169.9 (CO-Ac).

Free radicals scavenging and antioxidant activities {#sec2-9}
---------------------------------------------------

2, 2'-Azinobis (3-ethyl benzthiazoline-6-sulphonic acid) is oxidized to its radical cation ABTS^+^ by reaction with potassium persulphate\[[@ref17]\] and represent peroxyl radicals. The ABTS^+^ cation is intensely colored, and the ability of test material to reduce its color represents radical scavenging capacity. ABTS^+^ cation is soluble in both aqueous and organic solvents and is not affected by ionic strength, so can be used in multiple media to determine both hydrophilic and lipophilic antioxidant capacities of extracts or body fluids.\[[@ref18]\] The DPPH^·^ radical is one of the few stable organic nitrogen radicals, which bears a deep purple color. It is commercially available and does not have to be generated before assay like ABTS^+^. This assay is also based on measurement of reducing ability of antioxidants toward DPPH^·^ radical. Both the ABTS^+^ and DPPH^·^ tests are simple to adapt and rapid in performing analyses. Hence, they are widely used in antioxidant screening. Ohlyan *et al*.\[[@ref19]\] have identified the presence of ABTS^+^ scavenging activity and anticancer properties in various extracts of fruits of *P. attenuatum*. Our study finds that chloroform extract of its fruit bears potent antioxidant activity and identifies that Neolignans present in this extract are potent molecules for ABTS^+^ cation scavenging. However, only Piperkadsin A (9) could scaveng DPPH^·^ radical. Figure [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"} represents concentration dependent ABTS and DPPH radical scavenging potential of the compounds. Evaluation of free radical scavenging concentration SC~50~ \[[Table 1](#T1){ref-type="table"}\] revealed that all the neo-lignans displayed the ABTS^+^ radical scavenging activity, but only Piperkadsin A (9) could display DPPH^·^ scavenging activity \[[Table 1](#T1){ref-type="table"}\]. The results indicated that the presence of methoxyl groups in either of the rings significantly affected compounds ABTS^+^ radical scavenging potential as absence of methoxyl groups in crotepoxide (10) drastically reduced its DPPH^·^ and ABTS^+^ radical scavenging capacity.

![(a) Concentration dependent 2, 2'-Azinobis (3-ethyl benzthiazoline-6-sulphonic acid)+ scavenging pattern of chloroform extract of *Piper attenuatum* fruits and compounds isolated from the extract (b) Concentration dependent 2, 2-Diphenyl-1-picrylhydrazyl free radical scavenging pattern of piper kadsin A (9)](PM-11-235-g002){#F2}

###### 

Concentrations required for scavenging ABTS^+^ and DPPH radicals by 50% (SC~50~) by the extract and compounds isolated from *Piper attenuatum*

![](PM-11-235-g003)

Hyperglycemia is known to induce oxidative stress and increased generation of free radicals in the body.\[[@ref20]\] For compound present in chloroform extract displayed potent free radical scavenging activity, we also studied its effect on glycemic activity by oral administration following oral glucose tolerance test in rats.\[[@ref21]\] The results indicated that before glucose feeding could not influence glycemic values over time \[[Figure 3a](#F3){ref-type="fig"}\] and overall 2 h glycemic load \[[Figure 3b](#F3){ref-type="fig"}\] in rats.

![(a) Influence of chloroform extract of *Piper attenuatum* on postprandial plasma glucose level of rats following oral glucose tolerance test. 250 mg/kg body weight dose of extract and 5 mg/kg-body weight dose of standard antihyperglycemic drug glibenclamide was used in the study (b) Two hours glycemic loads under Influence of chloroform extract of *Piper attenuatum* following oral glucose tolerance test in normal rats. Area under the curve (mg/dL/hr) represent per hour postprandial glycemic load. ANOVA followed by Dunnett\'s multiple comparison tests was applied to compare difference between the groups](PM-11-235-g004){#F3}

In summary, the nine neolignans (1-9) were isolated and identified for the first time from *P. attenuatum* fruits and displayed potent ABTS^+^ scavenging activity. Involvement of furan ring and R-configuration of methoxy groups present in neolignans were found major players in influencing ABTS^+^ scavenging potentials. Piperkadsin A (9) displayed potent DPPH^·^ scavenging activity due to the presence of OH-group on benzene ring. The antioxidant rich chloroform extract of fruits of *P. attenuatum* did not display antihyperglycemic activity in rats after glucose feeding.
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